Risk assessment is a very important issue for an effective institution, since the lack of accurate risk assessment method or the improper risk management might cause problems to achieve institutions' strategic objectives. There are a finite number of risks which have to be ranked considering many different and conflicting criteria. In this respect, assessing risks by relating to strategic objectives is a multi-attribute decision making problem. In this study, an integrated approach which employs analytic hierarchy process (AHP) and fuzzy logarithmic least squares method (LLSM) together is proposed for the strategic risk assessment problem. The AHP is used to analyze the structure of the risk assessment problem and to determine weights of the criteria, and fuzzy LLSM method is used to obtain final ranking. Proposed approach is applied to a problem of prioritizing risks in a public institution.
Introduction
Risk assessment has a big role to achieve organizational effectiveness and it is one of the most important processes in public management literature as accurate risk management is critical for judging the success or failure of a public institution. For this reason, risks must be carefully identified, assessed and monitored.
The risk assessment process can be complex because of the complexity of the modeling required and the often subjective nature of the data available to conduct the analysis. However, the complexity of the process is not overwhelming and the benefits of the outcome can be extremely valuable 1 .
On the other hand, there is not a specific "standard" set for risk management in public institutions. This is the primary problem with this issue. Institutions may choose to adopt particular standards. More important than compliance with any particular standard is ability to demonstrate that risk is managed in the particular organization, in its particular circumstances, in a way which effectively supports the delivery of its objectives 2 . Within this scope, this paper proposed to assess and prioritize risks by relating to strategic objectives and strategic steps (activities).
In the literature there are many methods proposed or developed in order to assess or prioritize risks. These methods range from simple, empirical methods to computationally complex, statistically based methods 1 . UK Treasury used most traditional risk assessment method which evaluates occurrence of the risk being realized and of the severity if the risk is realized 2 . This approach is preferred with different scales by many different organizations. A categorization of high / medium / low in respect of each may be sufficient, and should be the minimum level of categorization. A more detailed analytical scale may be appropriate, especially if clear quantitative evaluation can be applied to the particular risk 2 . Bonvicini et al. 3 proposed Laboratory Assessment and Risk Analysis methodology, which relied on defining the adequate role player factors to assess risks in research environment and their mathematical combination to quantify and assess the risk. Frantzich 4 demonstrated how two quantitative risk analysis methods may be used to evaluate the risk to which the occupants of a building may be subjected if a fire breaks out by using Monte Carlo simulations. McGill 9 suggested the application of Bayesian analysis and networks for risk assessment. Sikder et al. 10 proposed a novel approach to risk assessment by using a dominance-based rough set approach to account for preference order in the domains of attributes in the set of risk classes. Pan et al. 11 improved a new risk estimation framework and applied on an aluminum extrusion industry's worksite. Wang et al. 12 proposed an integrated AHP-DEA (data envelopment analysis) methodology for bridge risk assessment. Schulz et al. 13 suggested the use of geodata-based probabilistic method to assess risks. Aven 17 proposed matrix method to risk management for culvert rehabilitation. Mousavi et al. 18 suggested the use of jackknife technique to risk assessment for highway projects.
A number of fuzzy methods, have been developed and proposed to assess and manage risks (Refs. [19] [20] [21] [22] [23] [24] [25] [26] . Also, there are many studies improved in order to analyze risks by using fuzzy numbers (Refs. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
In the risk assessment problem, there are a finite number of risks which have to be ranked considering many different and conflicting criteria. Accordingly, this problem is considered as a multi attribute decision making problem. Multi attribute decision making methods such as analytic hierarchy process (AHP) (Refs. [41] [42] [43] [44] [45] [46] , analytic network process (ANP) (Refs. [47] [48] [49] , TOPSIS (Ref. 50) and PROMETHEE (Ref. 51) used for risk assessment problems in the literature. Some of these methods are systematic approaches to the alternative selection and justification problem by using the concepts of fuzzy set theory and hierarchical structure analysis. Decision makers usually find that it is more confident to give interval judgements than fixed value judgements 52 . In this paper, AHP-fuzzy logarithmic least squares method (LLSM) integrated approach for assessing risks will be introduced and the implementation process will be explained with a real world example. We used the AHP method to analyze the structure of the risk assessment problem and determine the weights of criteria. The normalization of interval and fuzzy weights is often necessary in multi attribute decision making under uncertainty, especially in AHP with interval or fuzzy judgements 53 . Therefore we used Wang's fuzzy LLSM approach to normalize local fuzzy weights and obtain final ranking.
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AHP could be a useful tool because of its ability to handle both qualitative and quantitative decision criteria. Unfortunately, this approach is inadequate at addressing the uncertainties common in real-life applications 46 . For this reason, this paper integrated fuzzy LLSM with AHP to form a risk assessment model.
The main contribution of this study is to establish a risk assessment model by considering interactions among the strategic objectives, strategic steps (activities) and risks, in the strategic risk assessment process for public institutions.
The other expected improvement and the main difference of this study from the other studies in the literature and its contribution to the related literature is related to the scoring in the risk assessment. Opinions of the experts over criteria and alternatives can be evaluated in the construction of the model. Some types of risk lend themselves to a numerical diagnosis particularly financial risk. For other risks, for example reputational risk, a much more subjective view is all that is possible 2 . In this regard, traditional risk assessment method is inadequate at dealing with uncertainty and subjectivity of risk assessment problem. Within this scope this paper points out inadequacy of traditional risk assessment methods in the evaluation of subjective risks and suggests a model tries to eliminate the vagueness and insufficiency via fuzzy LLSM approach in the AHP 54 . The rest of the paper is organized as follows. In Section 2, we briefly review the fuzzy LLSM and modified fuzzy LLSM approach 54 . In Section 3, we determine the steps of the proposed model in detail. How to proposed model is used on a real world example is explained in Section 4. In Section 5, conclusions are discussed. 
To determine the fuzzy weight vector ̃, the following fuzzy logarithmic least squares model can be constructed 54 : which can be equivalently rewritten as
where i=1,…,n, and Due to the reciprocity of judgement elements, Eqs. (6) and (8) always sum up to zero and are therefore linear dependent. This is also true for Eq.(7).
It is easy to find that if (l i , m i , u i ) (i=1,…,n) is a solution to Eqs. (6) and (8) , then (i=1,…,n) is also one of their solutions, where p 1 and p 2 are arbitrarily chosen constants. So, the fuzzy weights to be estimated can generally be expressed as
After normalization, Eq. (9) becomes
In the case of hierarchical structure, the local fuzzy weights are aggregated into global fuzzy weights by using fuzzy arithmetic. That is
where ̃ (j=1,…,m) are the fuzzy weights of m upper level criteria, ̃ (i=1,…,n) are the fuzzy weights of n lower level alternatives with respect to jth upper level criterion, and ̃ are the global fuzzy weights of the n lower level alternatives 54 .
Modified fuzzy LLSM
A number of methods have been developed to deal with fuzzy comparison matrices, as mentioned above. In this study, we prefer Wang et al.'s 54 fuzzy LLSM approach because this method tackle the other methods' incorrectness in the normalization of local fuzzy weights, infeasibility in deriving the local fuzzy weights of a fuzzy comparison matrix when the lower bound value of a non-normalized fuzzy weight turns out to be greater than its upper bound value, uncertainty of local fuzzy weights for incomplete fuzzy comparison matrices, and unreality of global fuzzy weights 54 .
The modified fuzzy LLSM is formulated as a constrained nonlinear optimization model and can directly derive normalized triangular fuzzy weights for both complete and incomplete triangular fuzzy comparison matrices. The examination of the numerical example showed the advantages of the modified fuzzy LLSM in the AHP and its applicability in solving complex multi-criteria decision making problems.
First, the normalization constraints can be expressed as according to Wang et al.'s 54 fuzzy LLSM approach;
Next, it is found that normalized fuzzy weights cannot uniquely be determined from a fuzzy comparison matrix.
All triangular fuzzy weights meet the constraints of (12)- (14) and therefore are all normalized triangular fuzzy weights. In fact, if ̃ ̃ ̃ is an optimal and normalized fuzzy weight estimate for some triangular fuzzy comparison matrix, then
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The non-uniqueness of normalized fuzzy weights brings difficulty and inconvenience for the comparison and ranking of fuzzy weights as well as the synthesis of local fuzzy weights. Therefore, it is essential that a common benchmark of comparison should be set up so that local and global fuzzy weights can be derived with respect to the same reference point, i.e. benchmark. To set up such a benchmark for each fuzzy comparison, we use the following auxiliary equality constraint, which was first adopted by Jiménez et al. 74 for normalizing a set of interval weights:
∑ Theoretically, there is no evidence to support such an auxiliary equality constraint. However, due to the fact that ∑ ( and ∑ ( , it is feasible to impose such an equality constraint ∑ In particular, if normalized fuzzy weights are symmetrical, (18) will hold precisely. More importantly, by imposing such an equality constraint we can uniquely determine a set of normalized fuzzy weights for each fuzzy comparison matrix. Moreover, such a linear equality constraint makes our modified fuzzy least squares model (19) much easier to compute than any other nonlinear equality constraints such as ∑ ) ∑ )=1, which has been proven to be incorrect in 50 . Finally, based on the above analyses, the proposed modified fuzzy LLSM is formulated as follows: (20)- (22) are always normalized if the local weights are normalized triangular fuzzy weights.
Proposed Model
The suggested model for the prioritization of risks includes the steps as following:
Step 1: Identify the criteria and alternatives to be used in the model.
Step 2: Structure the AHP model hierarchically (goal, 1st level criteria, 2nd level criteria, alternatives) 77 .
For all risks, Equations (23-29) should be implemented separately.
An Application of the Proposed Model
The case study for the application of proposed model is performed in a public institution which applies strategic management model. For the application, a team is established from four experts of institution and one of the authors of this paper. Institutional experts assigned from risk assessment and strategic planning departments. The public institution has a strategic plan and also has strategic goals and objectives. First level criteria (strategic goals) and second level criteria (strategic objectives) to be used in the model were selected from this strategic plan and the risks were identified by the team. Comparison matrices used to calculate local and global weights were also formed by the same team. The application performed based on the steps provided in previous section and explained step by step together with the results.
Step 1: The first and second level criteria used to prioritize the risks are determined in this step is shown in Table 2 .
Step 2: The AHP model formed by the criteria and alternatives determined in the first step is shown in Figure 1 . 
R7 EU membership process
AHP model is composed of four levels. The first step includes the objective of the model, determined as "prioritization of risks". The second step includes the strategic objectives as first level criteria to be used in the prioritization of risks. Activities related to the strategic objectives are in the third level and risks (alternatives) are in the last level of the model.
Step 3: The first task of the work team is to decide on the relative importance of the five strategic objectives. Through pairwise comparison, a triangular fuzzy comparison matrix is constructed and shown in Table 3 . Non-linear model which provided from this matrix and its solution are annexed (Appendix A). Table 3 : Fuzzy comparison matrix of the five strategic objectives with respect to the objective
Prioritization of Risks
Step 4: Team members compare the activities under each of the five strategic objectives separately. Table 4 shows their comparisons under each strategic objective, which form five triangular fuzzy comparison matrices, respectively.
Step 5-6 : The local fuzzy weights for the fuzzy comparison matrices can be obtained by solving model (19) for each of the comparison matrices. Table 5 shows the results. GAMS optimization software package used as solver and a sample model and its solution are annexed (Appendix A). The results obtained from this sample solution of Table 3 used as first row of Table 5 . Other values in column based provided by same method from fuzzy comparison matrices of activities with respect to the each strategic objective (Table 4) . Similarly, the global fuzzy weights of the six activities are determined by Eqs. (20)- (22) and used in Table 7 as global weights of activities. Values of Table 7 in column based provided by GAMS from fuzzy comparison matrices of risks with respect to each activity (Table 6 ).
Additionally the results obtained from Table 5 used as first row of (1/2,2/3,1) (2/5,1/2,2/3) (1/3,2/5,1/2) (2/3,1,2) (1,1,1) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) (1,3/2,2) (1/2,1,3/2) (1/2,2/3,1) R2 (1/2,2/3,1) ( 2,2/3,1) (1,1,1) (1,3/2,2) (1,3/2,2) (1,1,1) (1/2,2/3,1) (2/5,1/2,2/3) R6 (2/3,1,2) (1,3/2,2) (3/2,2,5/2) (3/2,2,5/2) (1,3/2,2) (1,1,1) (1/2,2/3,1)
(1,1,1) Fuzzy comparison matrix of the risks with respect to the activity 2 R1 (1,1,1) (
(1,1,1) Fuzzy comparison matrix of the risks with respect to the activity 3 R1 (1,1,1 Step 7: Team members compare the risks under each of the six alternatives separately. Table 6 shows their comparisons under each alternative, which form six triangular fuzzy comparison matrices, respectively.
Step 8: The local fuzzy weights for the six fuzzy comparison matrices can be obtained by solving model (19) for each of them. Table 7 shows the results. The global fuzzy weights of the seven risks are determined by Eqs. (20)- (22) and shown in Fig. 2 . It is clear that Risk 1 is the most prior risk according to proposed model and Risk 5 has the nearest value to it. Table 7 . Local and global fuzzy weights of the risks obtained by the modified fuzzy LLSM Figure 2 . Global fuzzy weights of the risks obtained by the modified fuzzy LLSM
Step 9: After calculating global fuzzy weights, this study adopted the CSCF method 77 to undertake defuzzification. Eqs. (23)- (29) are adopted to obtain crisp judgement for the risks. The crisp risk values are shown in Table 8 .
For the sake of comparison, Table 8 also shows the traditional risk assessment results.
Occurrence and severity are the two primary characteristics used to assess risks in traditional method. And the final risk values are obtained with When these results compared each other, it can be seen that the risks which influenced by more important activities and strategic objectives were evaluated as "more important/risky" with proposed method.
Additionally, there is equality between five risk values among seven figures in traditional method. Proposed model has eliminated this problem and provided convenience to decision makers about prioritizing. Table 8 . Risk values obtained by the traditional method and proposed method
The above results show that, the proposed methodology offers a more precise risk prioritization in terms of the institutional strategic management approach. Hence, the control activities to be used against the risks would be providing a more accurate and cost-effective planning.
Conclusions
In this paper we proposed the use of fuzzy logarithmic least squares method (LLSM) in the analytic hierarchy process (AHP), which was modified by Wang et al. 54 , to assess strategic risks in public sector. At a time when risk assessment has an increasing importance for public institutions, this paper provides insight into the various factors related with the problem. Proposed method tackles the problems about other LLSM approaches' incorrectness in the normalization of local fuzzy weights, infeasibility in deriving the local fuzzy weights of a fuzzy comparison matrix when the lower bound value of a non-normalized fuzzy weight turns out to be greater than its upper bound value, uncertainty of local fuzzy weights for incomplete fuzzy comparison matrices, and unreality of global fuzzy weights. The modified fuzzy LLSM is formulated as a constrained nonlinear optimization model and can directly derive normalized triangular fuzzy weights for both complete and incomplete triangular fuzzy comparison matrices 54 .
The main contribution of this study is to establish a risk assessment model by considering interactions among the strategic objectives, strategic steps (activities) and risks. The examination of the numerical example showed the advantages of the modified fuzzy LLSM in terms of considering interactions among the criteria according to traditional method and its applicability in solving complex multi attribute decision making problems. The other expected improvement is related to the scoring in the risk assessment of decision makers. Opinions of the experts over criteria and alternatives have been evaluated in the construction of the model. Implementation of a fuzzy AHP structure to a real life model is a time consuming process. But the fuzzy AHP model covers and gives the best solution to the vagueness of the pairwise comparison process considerably. The proposed model provides a user friendly implementation of fuzzy AHP for a fuzzy decision support system by using GAMS and Microsoft Excel. Using these software applications both in the model construction and data processing phase gives a great flexibility for experts and decision makers. An advantage of the study is to be able to adopt the model for a different fuzzy AHP model in a short time. The proposed methodology also serves as a guideline to the risk analysts. Although fuzzy AHP technique used in the proposed model is computationally intensive, the benefits of risk reduction will outweigh the required cost and time.
In this study, only the interactions among level of criteria were considered and the risk priority was determined on this basis. Future studies may expand the model by analyzing the inter-dependence of criteria and risks.
